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ROLLING BEARING 

Technical Field 

The present invention relates to a rolling bearing that 
can receive a radial load, a bidirectional axial load, and a 
moment load, in which the bearing is used for an industrial 
machine, a robot, a medical facility, a food apparatus, a 

semiconductor/ liquid crystal manufacturing apparatus^ adirect 

drive motor,, arid an optical and opto-electronics apparatus. 
Also^ this invention relates to a direct drive motor that 

is capable of driving a load directly connected to the motor 

without using a speed reducer • 

Background Art 

As a bearing that can singly receive a radial load, a 
bidirectional axial load and a moment load, a crossed roller 
bearing, a four point contact ball bearing and a three point 
contact ball bearing have been conventionally well known. 

The crossedroller bearing has an advantage of greatmoiaent 
rigidity, because a rolling element is a roller, and in line 
contact with a bearing ring at two points • 

The four point contact ball bearing or three point contact 
ball bearing has an advantage of lower torque and smooth 
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operation, because a rolling element is a ball/ and in point 
contact with the bearing ring at four points or three points- 
One example of the conventional direct drive motor is 
shown in Fig. 35. In the direct drive motor of this type, the 
bearing supporting the rotation and load employs a crossed roller 
bearing/ for example, as shown in Fig, 36, The bearing has 
an outer tace 200 fitted with a rotor 17 and secured with a 
pulsar ring 19, and an inner ?:ace 201 fitted with a stator 18 
and secured with a position transducer 20. taid the rotor 17 
and the pulsar ring 19 are rotated by energizing a coil 21, 
so that the position transducer 20 detects the irregularity 
of the pulsar ring 19, and the rotation speed and positioning 
are controlled by a controller. 

The crossed roller bearing is employed as the bearing 
for the direct drive motor/ because of the requirements of (1) 
high load capacity, (2) high rigidity, and (3) a simple motor 
structure. 

That is/ the crossed roller bearing has a rolling element 
300 that is a cylindrical roller, as shown in Fig. 35, whereby 
the rolling elements 300 are arranged orthogonal to each other 
and subjected to a preload to realize the high load capacity 
and high rigidity- 

However, though the crossed roller bearing has an 
advantage that the moment rigidity is great, there is a relative 
speed between the rolling element and the bearing ring, causing 



2 



the roller to be easily skewed/ resulting in a disadvantage 
that the torque variation is likely to occur. 

Also, the four point contact ball bearing or three point 
contact ball bearing has an advantage that the torque is smaller 
than the crossed roller bearing of the same size/ because the 
rolling element is a ball, but has a disadvantage that the moment 
rigidity is small. Also, in the case where the radial load 
is superior to the axial load/ or a pure radial load is applied/ 
the spin of ball is large, and a small spin abrasion performance 
is not obtained, because each ball is contact with the bearing 
ring at four or three points. 

Moreover, to improve the spin abrasion performance even 
slightly, a clearance of the bearing is usually set positively, 
so that the moment rigidity of the bearing is reduced. 

Thus, to solve the above-mentioned problems, a new and 
useful rolling bearing has been disclosed in JP-'A-'2001-50264. ^ 
That is, this rolling bearing comprises a plurality of 
rolling elements 60 that are incorporated between an outer race 
30 and an inner race 40 as a pair of bearing rings, each bearing 
ring 30, 40 having a raceway groove 50 composed of a raceway 
surface 31, 41 having a larger radius than the radius of the 
rolling elements 60, at least one bearing ring 30 (40) being 
composed of two raceway surfaces, in which the rolling elements 
60 have an outside diameter 61 of a rolling contact face with 
a curvature in the axial direction, and are disposed alternately 
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crosswise on the circiamf erence of a circle, and the outside 
diameter 61 of each rolling element 60 is always contact with 
the raceway surface 31 (41) of one bearing ring 30 (40) and 
the raceway surface 41 (31) of the other bearing ring 40, which 
are opposed to each other, at each one point/ or at two points 
in total, as shown in Fig. 37. A specific form of the rolling 
element 60 is an upper and lower cut ball (with a structure 
in which the upper and lower portions of a ball are cut away 
to form the opposing faces, the same in the following 
specification) having one set of planar portions (opposing 
faces) 62, 62, the outside diameter 61 being a rolling contact 
face, as shown in Figs. 37 and 38. 

In JP-A^2001-50264^ to stabilize the attitude of the 
rolling element 60 of the above form, a retainer 70 for retaining 
and guiding the rolling element 60 with at least two axially 
opposed faces (axial guide faces) 81, 81 of a pocket 80 was 
employed (Figs. 37 and 38) . However, to receive the rolling 
element 60 in the pocket 80 of this retainer 70, at least one 
of the outer race 30 and the inner race 40 must be divided, 
when the bearing is practically assembled- Therefore, at the 
time of assembling, it was required to control a deviation in 
the radial direction of the divided outer races 30, 30. In 
the figures, reference numeral 90 is a fastening bolt. Also, 
there was a significant problem that it was difficult to achieve 
the low cost of the bearing with a bearing ring division 
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Gonstruction . 

Also/ there is DE4334195 as the rolling bearing employing 
the above rolling elements 60 . However/ inDE4334l95, the inner 
and outer races are monolithically constituted^ but no special 
configuration for rotating the rolling element within a groove 
space formed by the outer race and the inner race is provided 
for the raceway grooves of the inner race and the outer race. 
Therefore/ especially when a preload is applied/ it is difficult 
to rotate the rolling element within this groove space, and 
virtually difficult to assemble it. 

In the conventional direct drive motor > there was an upper 
limit on the use rotation speed/ because the conventional crossed 
roller bearing was en^loyed/ as illustrated- That is, with 
this bearing constitution, the rolling elements 300 arranged 
alternately are cylindrical rollers, and a rolling contact face 
301 of the rolling element 300 and a raceway groove SOO of the 
bearing rings 201, 200 is in line contact, so that the torque 
of bearing is large and the heating is great, whereby there 
is a limitation on the use rotation speed- 
Disclosure of the Invention 

This invention has been achieved in the light of the 
above-mentioned problems associated with the prior arts, and 
it is a first object of the invention to provide a rolling bearing 
in which a spin slippage between a rolling element and a raceway 

5 



groove is suppressed, and a rolling resistance is reduced to 
make the torque lower, whereby the rolling elements are easily 
incorporated even when the bearing rings are the monolithic 
type. 

It is another ob j ect of the invention to provide the rolling 
bearing in which the rolling elements are easily incorporated 
even in a state where the bearing rings of monolithic type and 
a retainer are assembled. 

Also, it is a second object of the invention to provide 
a direct drive motor having higher speed without impairing the 
functions of the conventional direct drive motor. 

Technical approach of the invention to achieve the first 
object is a rolling bearing characterized in that a plurality 
of rolling elements are incorporated between one pair of bearing 
rings, each of the bearing rings has a raceway groove composed 
of a raceway surface having a larger radius than the radius 
of the rolling elements, at least one bearing ring being coii¥>osed 
of two raceway surfaces, the rolling elements have an outside 
diameter of a rolling contact face with a curvature in the axial 
direction, and are arranged crosswise so that the central axes 
of rotation of the rolling elements are skewed alternately in 
the circumferential direction of the bearing rings, an outer 
peripheral face of each of the rolling elements is always contact 
with a raceway surface of one bearing ring and a raceway surface 
of the other bearing ring, which are opposed to each other. 
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at each one pointy or two points in total, one pair of bearing 
rings are monolithlcally formed, and a. groove of desired depth 
is provided in a part of the raceway groove for either one or 
both of the bearing rings. 

Also, the rolling bearing further comprises a retainer 
for retaining the plurality of rolling elements between the 
pair of bearing rings, and the retainer has only one axial pocket 
face in a pocket for retaining the rolling element, with a face 
opposed to the axial pocket face being opened, in which the 
axial pocket faces are arranged inclinedly on the opposite side 
to each other in the axial direction, corresponding to a 
direction of inclination of the rolling elements incorporated 
crosswise to each other in the circumferential direction of 
the bearing rings. Each of the rolling elements has at least 
one planar portion, in which the planar portion is contact with 
the axial pocket face of the retainer. 

2Uso, the rolling bearing further comprises a retainer 
for retaining the plurality of rolling elements between the 
pair of bearing rings, and the retainer has only one axial pocket 
face in a pocket for retaining the* rolling element, in which 
the axial pocket faces are arranged inclinedly on the opposite 
side to each other in the axial direction, corresponding to 
a direction of inclination of the rolling elements incorporated 
crosswise to each other in the circumferential direction of 
the bearing rings . Each of the rolling elements may be an upper 
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and lower cut ball having one set of opposing f aces/ the central 
axis of rotation of the rolling element being orthogonal to 
the opposing faces • 

Moreover^ the rolling elements is a one-side cut ball 
having a cut face, in which the central axis of rotation of 
the rolling element is orthogonal to the cut face. 

With those technical approach/ the rolling elements can 
be inserted in a state where the inner and outer races and the 
retainer are assembled. And each of the inserted rolling 
elements is rotatable within a groove space formed between the 
bearing rings by providing a small groove in the raceway groove/ 
even when the bearing rings are the monolithic type. Also/ 
one side of the retainer pocket in the axial direction is opened/ 
and the rolling elements can be incorporated one side after 
another in a state where the inner and outer races and the retainer 
are assembled . With this retainer constitution, the axial guide 
face of the rolling element is decreased to one face as compared 
with two faces conventionally, whereby the force for restraining 
the rolling elements is reduced* Consequently, the friction 
on the end face produced between the retainer and the rolling 
elements is decreased greatly (about half) and the torque is 
reduced. 

Also, to achieve the second object/ technical approach 
of the invention is a direct drive motor having a structure 
in which a stator is disposed in at least one or both of the 
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inside and the outside of a rotor^ and a bearing is provided 
to support the rotation and load, in which the motor can be 
driven by directly connecting a load without using a speed 
reducer, characterizedinthat the bearing is the rolling bearing 
with the constitution as described above* 

Moreover, a direct drive motor having a stJructure in which 
a stator is disposed in at least one or both of the inside and 
the outside of a rotor, and a bearing is provided to support 
the rotation and load, in which the motor is capable of driving 
a load by being directly connected to the. load without using 
a speed reducer, characterized in that the bearing has a 
plurality of rolling elements incorporated between a pair of 
bearing rings, each of the bearing rings having a raceway groove 
composed of a raceway surface having a larger radius than the 
radius of the rolling elements, at least one of the bearing 
rings being composed of two raceway surfaces, in which each 
of the rolling elements has an outside diameter of a rolling 
contact face with a curvature in the axial direction, the rolling 
elements are disposed crosswise so that the central axes of 
rotation of the rolling elements are skewed alternately with 
each other in the circumferential direction of the bearing rings, 
and an outer peripheral face of each rolling element is always 
in point contact with a raceway surface of one of the bearing 
rings and a raceway surface of the other bearing ring, which 
are opposed to each other, at each one point, or at two points 
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in total. 

At this time, each of the rolling elements maybe an upper 
and lower cut ball having one set of opposing faces, in which 
the central axis of rotation of the rolling element is orthogonal 
to each opposing face. Moreover, each of the rolling elements 
is a one-side cut ball having a cut face, in which the central 
axis of rotation of the rolling element is orthogonal to the 
cut face - , 

Brief Description of the Drawings 

Fig. 1 is a schematic cross-sectional view, partially 
omitted, showing a rolling bearing according to a first 
embodiment of the invent ion - 

Fig, 2 is a schematic plan view, partially omitted, showing 
a direction of incorporating a rolling element into a retainer 
in the rolling bearing of the invention . 

Fig. 3 is a perspective view showing one embodiment of 
the rolling element incorporated into the rolling bearing of 
the invention. 

Fig* 4 is a perspective view showing another embodiment 
of the rolling element incorporated into the rolling bearing 
of the invention. 

Fig. S is a perspective view showing another embodiment 
of the rolling element incorporated into the rolling bearing 
of the invention. 
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Fig. 6 is a schematic cross-sectional view^ partially 
cut away, showing one embodiment of a direct drive motor 
incorporating the rolling bearing of the invent ion . 

Fig* 7 is a chart showing the experimental results of 
the bearing torque and its variations for the bearing of this 
embodiment and the conventional bearing « 

Fig. 8 is a cross-sectional view showing a rolling bearing 
according' to a second embodiment of the invention . 

Fig. 9 is a perspective view showing one embodiment of 
the rolling element. 

Fig. 10 is a chart showing measurement data of a dynamic 
torque in the bearing simplex. 

Fig. 11 is a cross-sectional view, partially cut away, 
showing a rolling bearing according to a third embodiment. 

Fig. 12 is a cross^sectional view, partially cut away, 
showing a rolling bearing according to a fourth embodiment. 

Fig. 13 is a cross-sectional view, partially cut away, 
showing a rolling bearing according to a fifth embodiment. 

Fig. 14 is a longitudinal cross-sectional view, partially 
cut away, showing a rolling bearing according to a sixth 
embodiment . 

Fig. 15 is an enlarged perspective view showing one 
embodiment of a separator. 

Fig. 16 is a longitudinal cross-sectional view, partially 
cut away, showing a rolling bearing according to a seventh 
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■erabodiment , 

Fig. 17 is an enlarged perspective view showing another 
einbodiiaent of the rolling element. 

Fig» 18 is a long! tudinal cross-sectional view, partially 
cut away/ showing a rolling bearing according to an eighth 
eiDbodiment , 

Fig. 19 is a longitudinal cross-sectional view, partially 
cut away,- showing a rolling bearing according to a ninth 
emboditaent . 

Fig. 20 is a longitudinal cross-sectional view, partially 
cut away, showing a rolling bearing according to a tenth 
embodiment . 

Fig. 21 is a longitudinal cross-sectional view, partially 
cut away, showing a rolling bearing according to an eleventh 
embodiment . 

Fig. 22 is a longitudinal cross-sectional view, partially 
cut away, showing a rolling bearing according to a twelfth 
embodiment . 

Fig. 23 is an enlarged perspective view showing another 
embodiment of the retainer . 

Fig. 24 is a longitudinal cross-sectional view, partially 
cut away, showing a rolling bearing according to a thirteenth 
embodiment • 

Fig. 25 is an enlarged perspective view showing another 
embodiment of the rolling element. 
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Fig« 26 is an enlarged plan view, partially omitted^ 
showing another embodiment of the retainer. 

Fig. 27 is a cross-sectional view of the retainer of Fig. 
26/ taken along the line I-I- 

Fig. 28 is a cross-sectional view showing another 
embodiment of the retainer. 

Fig. 29 is an enlarged plan view, partially omitted^ 
showing ariother embodiment of the retainer. 

Fig. 30 is a cross-sectional view of the retainer of Fig. 
29, taken along the line II-II. 

Fig. 31 is an enlarged perspective view of a separator 
used in the thirteenth embodiment. 

Fig- 32 is a longitudinal cross-sectional view, partially 
omitted, showing a rolling bearing according to a fourteenth 
embodiment , 

Fig* 33 is a longitudinal cross-sectional view, partially 
omitted, showing a rolling bearing according to a fifteenth 
embodiment . 

Fig. 34 is a longitudinal cross^-sectional view, partially 
omitted/ showing a rolling bearing according to a sixteenth 
embodiment . 

Fig. 35 is a schematic cross-sectional view, partially 
cut away, showing a conventional direct drive motor. 

Fig. 36 is a longitudinal cross-sectional viewof a crossed 
roller bearing. 
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Fig, 37 is a schematic cross-sectional view, partially 
omitted^ showing a conventional rolling bearing. 

Fig. 38 is a schematic plan view, partially omitted, 
showing a direction of incorporating a rolling element into 
the retainer in the conventional rolling bearing. 

In the figures, reference sign Adenotes a rolling bearing, 
1 denotes an outer race, 2 denotes an inner race, 3 denotes 
a raceway, groove, 4 denotes a groove {for rotation) , S denotes 
a rolling element, 5a denotes an outside diameter, 5b denotes 
a planar portion, 5f denotes a connecting portion, 6 denotes 
a retainer, 7 denotes a pocket, 7b denotes an axial pocket face, 
B denotes a rolling bearing, 101 denotes an outer race, 102 
denotes an inner race, 103 denotes a raceway groove, 105 denotes 
a rolling element/ 105a denotes an outside diameter, lOSbdenotes 
a opposing face, lOSc denotes a central axis of rotation, 17 
denotes a rotor, 18 denotes a stator, 19 denotes a pulsar ring, 
20 denotes a position transducer, and 21 denotes a coil. 

Best Mode for Carrying Out the Invention 

A first embodiment of the present invention will be 
described below with reference to the accompanying drawings. 
This embodiment is only illustrative of this invention, and 
not construed to be limited in this invention, in which various 
changes in design may be made within the scope of the invention. 

A rolling bearing A has a plurality of rolling elements 
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5, 5 • • incorporated via a retainer 6 in a raceway groove 3 

formed in an inside diameter of a bearing ring (bearing outer 

race) 1* monolithically molded and an outside diameter of a 

bearing ring (bearing inner race) 2 monolithically molded^ as 

shown in Fig. 1. in Fig. 1, reference nimeral 8 denotes a seal 

groove. In this embodiment, a sealed plate (seal • shield) 
« 

is omitted in the figure^ but the sealed plate may be 
appropriately provided, as needed. The constituents such as 
the size of bearing, contact angle, rolling element diameter 
and material are not limited- 
According to this embodiment/ since the outer race 1 and 
the inner race 2 as the bearing rings are monolithically molded, 
the manufacturing cost, assembling xaanagement and assembling 
cost of the bearing rings, including the related parts such 
as a fastening bolt, are greatly reduced. 

The raceway groove 3 is composed of the raceway surfaces 
la-lb, 2a-2b having a larger radius than the radius of the rolling 
element 5, 

Also, the raceway surfaces may be appropriately selected 
within the scope of the invention, as long as the raceway groove 
for at least one of the bearing rings is constituted of two 
raceway surfaces* 

The shape of each raceway surface la, lb, 2a, 2b may be 
arbitrary such as arcuate or V-character in cross section, as 
long as it is suitable for rolling of the rolling element 5. 
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Also, it may be curvilinear or linear, and is not specifically 
limited/ but a so-called Gothic arch formed of both circular 
arcs with the circle centers disposed crosswise in this 
embodiment • 

And a smaller groove 4 than the raceway groove 3 is cut 
in a part of the raceway groove 3 of the inner race 2* 

In this embodiment, the smaller groove (e*g,, radius of 
groove of ^ about O.Srom) has a semicircular cross section and 
adesireddepth andis continuous circxxmferentiallyin the center 
of the raceway groove 3 composed of the raceway surfaces 2a, 
2b of the inner race. This groove 4 is principally employed 
as the groove for rotation in incorporating the rolling element 
S- That is, a coxmection portion (intersection) Sf between 
a rolling contact face 5a and a planar portion Sb for the rolling 
element 5 to be described later is inserted into the groove 
4 at the time of incorporation to make the rolling element 5 
rotatable within a space of the raceway groove 3 . A lubricant 
may be carried in the groove 4, and a stable bearing life is 
expected as an action with a lubricant holding function for 
lubricant (oil, grease, etc.) provided on the raceway surface- 

The shape, radial depth and axial width of the groove 
4 are preferably of the minimum sixe to make the raceway surface 
as large as possible. However, if the connecting portion 5 f 
between the rolling contact face 5a and the planar portion 5b 
for the rolling element 5 is partly insertable into the groove 
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4, they are all within the scope of the invention^ and not 
specifically limited to the illustrated einbodiiaent, in which 
various variations in design may be made within the scope of 
the invention. For example/ an angle of chamfer of about 45 
degrees may be made- 

Also, in view of an interval at which the rolling elements 
5 are disposed circumf erentially, the groove 4 may be provided 
intermittently with a desired length in the circumferential 
direction, which is within the scope of the invention- \ 

A connecting portion 2c between the raceway surfaces 2a/ 
2b may be formed in the shape of Rby eliminating the edge thereof . 

This groove 4 is only provided in the raceway groove 3 
of the iimer race 2 in this embodiment, as described above^ 
but may be provided in the raceway groove 3 of the outer race 
1, or in both the outer race 1 and the inner race 2. 

The rolling element 5 has the outside diameter 5a as a 
rolling contact face with a curvature in the axial direction^ 
and an arbitrary shape having a smaller radius than the radius 
of each raceway surface la, lb, 2a, 2b, The rolling elements 
5 are arranged alternately crosswise to adjacent rolling 
elements 5, and the outside diameter 5a of each rolling element 
S is always contact at two points with the raceway surface la, 
lb of one bearing ring 1 and the raceway surface 2a, 2b of the 
other bearing ring 2. 

The rolling element 5 is an upper and lower cut ball (with 
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.a structure in which the upper and lower portions of a ball 
are cut away to form the planar portions 5a, 5b, the same in 
the following specification) having one set of plsmar portions 
(opposing faces) 5a, 5b in this embodiment, for example, as 
shown in larger scale in Fig. 3. The rolling elements 5, 5, . . 
are incorporated so that the rotation axes of rotation 5c 
perpendicular to the planer portions 5b, 5b may be crossed with 
each other, and the outside diameter 5a of each rolling element 
5 is always contact at two points with the raceway surface la, 
lb of one bearing ring 1 and the raceway surface 2a, 2b of the 
other bearing ring 2 . In the figures, 5f denotes the connecting 
portion (intersection) between the rolling contact face 5a and 
the planer portion 5b of the rolling element 5. 

The upper and lower cut widths of the rolling element 
5 are not specifically limited, and the ratio of upper and lower 
cut widths may or may not be even, and arbitrarily settable 
within the scope of the invention. That is, though the planar 
portions 5b, 5b are symmetrical in this embodiment, the planar 
portions 5b, 5b of the rolling element 5 may be symmetrical 
or asymmetrical, which is within the scope of the invention. 

Also, in the rolling element (upper and lower cut ball) 
5 having the asymmetrical planar portions 5b, 5d as shown in 
Fig. 4, a planar portion Sd at the larger end is disposed to 
face the inner race 2 of the bearing, whereby the rotation of 
the rolling element 5 is more stable and the lower torque is 
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•realized. 

The overall shape of the rolling element 5, the presence 
or absence of the opposing faces 5b, 5b, and the magnitude of 
curvature in the axial direction of the outside diameter 5a 
are not limited to the above specifications, and may be 
arbitrarily changed within the scope of the invention. That 
is, for example, two non-parallel faces (planar portions) may 
be provided, instead of the planar portions 5b, 5b, with the 
central axis of rotation perpendicular to both the faces (not 
shown) . 

Also, the rolling element inay be a one-side cut ball in 
which one side of a ball is cut away to provide one planar portion 
(cut face) 5e, as shown in Pig. 5. 

Also, the planar portion Sb (5d, 5e) is arbitrary shape, 
and may be selectively changed to the optimal shape or size. 

The rolling elements 5, 5, . . are incorporated in such 
a way that the central axes of rotation 5c, 5c perpendicular 
to planar portions 5b-5b, 5b.5b in the adjacent rolling elements 
5, 5 may be alternately crossed with each other. The state 
of intersection may or may not be orthogonal. 

The manner in which the rolling elements 5 are disposed 
crosswise is not specifically limited, as long as the same number 
of rolling elements are disposed on both sides, in which the 
rolling elements S may not be circuraferentially disposed 
alternately. That is, the rolling elements 5 may be crossed 



•every one, or crossed every two, or every two, one, one and 
two, as long as the same number of rolling elements are disposed 
on both sides, all of which are within the scope of the invention . 

The motion of each rolling element 5, 5 is guided within 
the retainer 6 (see Fig. 2) . 

The retainer 6 is formed like an annulus ring in which 
a plurality of pockets (retaining portions) 7 for retaining 
and guiding the rolling element 5 are provided circumf erentially, 
each pocket 7 having two pocket faces (circumferential guide 
faces) 7a, 7a opposed circumferentlally, and only one pocket 
face 7b (axial guide face for axially stabilizing the attitude 
of the rolling element) in the axial direction, with an opposed 
face opened (open face) . The axial pocket faces 7b are arranged 
inclinedly on the opposite side to each other in the axial 
direction, corresponding to a direction of inclination of the 
rolling elements 5 incorporated crosswise to each other. The 
shape of the circumferential pocket faces 7a is not specifically 
limited, but may be arbitrary. 

The axial pocket face 7b is formed inclinedly from an 
outside diameter 6a to an inside diameter 6b to guide the planar 
portion 5b (facing to the left upper direction in Fig. i) on 
the opposite side of the outer race in the rolling element 5. 
Hence^ an opening 7d of the inside diameter is larger than an 
opening 7c of the outside diameter in the pocket 7. 

The angle of inclination of the pocket face 7b may be 
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. arbitrary, and is decided in view of the angle of the rolling 
element 5 disposed within the space of the raceway groove 3. 

In this sBBbodiaent, the axial pocket faces 7b of the pockets 
7 that are provided at an equal interval on the circumference 
of circle, corresponding to the nxmber of rolling elements 5, 
and are adjacent in the circumferential direction, are disposed 
altemate'Ly crosswise in the circumferential direction, 
allowing .adjacent rolling elements 5, s to be incorporated 
alternately so that the central axes of rotation 5c, 5c 
perpendicular to the planar portions Sb-Sb, Sb-5b may be crossed 
with each other, as described above. 

In this embodiment, the pockets 7 are arranged at an equal 
interval and alternately crosswise on the circumference of 
circle, corresponding to the number of rolling elements 5. 
However, the arrangement of the pockets 7 is not specifically 
limited, but the pockets may be arranged crosswise every two, 
or every two, one, one and two, as long as the number of pockets 
7 is the same on both sides, all of which are within the scope 
of the invention. Hence, the retainer is provided with the 
pockets circumferentially in the above manner in which the 
rolling elements 5 are disposed. 

The guiding method of the retainer 6 is not specifically 
limited, but may be an inner race guide,' an outer race guide 
or a rolling element guide. Also, the constitution of the 
retainer 6 is of the monolithic type in this embodiment, but 
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is not specifically lijaited, and may be formed of several parts . 

In this embodiment^ after the retainer 6 is assembled 
with the outer race 1 and the inner race 2^ the rolling elements 

5 are inserted successively from the opening side of the retainer 

6 into the space of the bearing raceway groove 3. 

In this embodiment, the rolling bearing is a preload 
product but may be a clearance product ♦ 

The'state where a preload is applied between the rolling 
element and the raceway surface is not specifically limited, 
but the preload may or may not be applied at the manufacturing 
stage, which is within the scope of the invention* 

The material of the bearing rings 1/ 2 and the rolling 
element 5 for the bearing is usually ball-bearing steel, but 
may be appropriately selected from stainless steel or ceramic 
to improve the corrosion resistance or heat resistance in the 
use environments. 

Also, the retainer 6 is appropriately selected from a 
machined cage, a press retainer, and a resin retainer, and made 
of metal such as brass or iron, or synthetic resin such as 
polyamide 66 (nylon 66) or polyphenylene sulfide (PPS) within 
the scope of the invention • 

In this embodiment, the outside diameter 5a of the rolling 
element 5 is in point contact with the raceway surface lb of 
the outer race 1 and the raceway surface 2a of the inner race 
2 which are opposed to each other (contact points being indicated 
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by 11, 11), and the adjacent rolling elements 5 are in point 
contact with the raceway surface la of the outer race 1 and 
the raceway surface 2b of the inner race 2 (contact points being 
indicated by 12, 12) . The rolling elements 5, 5 are crossed 
alternately at a contact angle, whereby one bearing can receive 
a radial bearing, a bidirectional axial bearing and a moment 
bearing. ' 

Moreover, the rolling bearing A of this embodiment is 
incorporated into the direct drive motor, as shown in Fig. 6/ 
whereby the motor of this kind superior to the conventional 
motor can be provided. 

Fig. 6 is a schematic view showing one embodiment of the 
direct drive motor. In Fig. 6, 17 denotes the rotor, 18 denotes 
the stator, and 21 denotes the coil. The rolling bearing A 
is incorporated between the rotor 17 and the stator 18. The 
rotor 17 and the pulsar ring 19 are rotated by energizing the 
coil 21, so that the position transducer 20 detects the convex 
or concave of the pulsar ring 19, and the rotation speed and 
positioning are controlled by a controller (not shown) . In 
this embodiment, an outer rotor type in which the outside of 
the motor is rotated is employed, but an inner rotor type in 
which the inside of the motor is rotated may be employed without 
problem. * 

The bearing outer race 1 is fitted with the rotor 17, 
and secured with the pulsar ring 19. On the other hand, the 
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'bearing inner ring 2 is fitted with the stator 18 having the 
coil 21 wounds and secured with the position transducer 20. 

The direct drive motor of this embodiment has the same 
well known constitution as the conventional direct drive motor, 
except for the component of the rolling bearing A, but is not 
specifically limited to the shown example, and may be 
appropriately changed in design to the other well known 
constitutions within the scope of the invention. 

In this manner, the constitution of thebearingAcontained 
in the direct drive motor is made the rolling bearing of the 
invention as described in the above embodiment/ whereby the 
torque of bearing is reduced below that of the conventional 
crossed roller bearing, and the heating is suppressed. Also, 
the rigidity is obtained by applying a preload on the bearing. 
Accordingly, the high speed is enabled without hampering the 
fvmction of the conventional direct drive motor . 

Herein, the experimental results of the bearing torque 
and its variations for the rolling bearing (embodiment product 
of Fig • 1) Aof the first embodiment and the conventional rolling 
bearing (conventional product of Fig. 37) are shown in comparison 
in Fig. 7. 

Test bearing: outside diameter 4>90 x inside diameter 4^60 
X width 13 

Number of rolling elements 28 (14 in each row) 
Diameter of rolling element <1>6,35 



Width between planar portions 4nHtt 

Preload product with axial clearance - ISfim 

Contact angle 30 degrees 

According to the experimental results/ it has been found 
that the bearing A of this embodiment has a lower torque than 
the conventional bearing (Figs. 37 and 38) . Also, it has been 
found that the variation of the bearing torque is smaller. 

Alsp/ because the test bearing at this time is the preload 
product, the rolling elements are all inserted into the groove, 
whereby the outer race is expanded by heating and assembled 
with a clearance. 

It has been confirmed that the rolling elements may be 
directly piished into the groove, employing a relative 
displacement between the inner and outer races of the rolling 
elementwithout heating the outer race. Be careful not to damage 
the rolling contact face at the time of insertion. 

Another embodiment of the direct drive motor of the 
invention will be described belowwith reference to the drawings . 
This embodiment is only one embodiment of this invention, but 
not construed to be limited in this invention. 

The direct drive motor of this embodiment has the same 
well known constitution as the direct drive motor as shown in 
Fig. 6, except for the bearing component. In the following, 
the bearing constitution that is a characteristic portion of 
the invention will be described below in connection with the 
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second to sixteenth eiobodiments * The constitution except for 
the bearing component of the direct drive motor is not 
specifically limited to the shown example, but may be 
appropriately changed in design to other well known 
constitutions within the scope of the invention. 
Second embodiment 

A rolling bearing A for use in a second embodiment is 
constituted by incorporating a plurality of rolling elements 
105/ 105, . . into a raceway groove 103 formed between an inside 
diameter of a bearing ring (bearing outer race) 101 and an outside 
diameter of a bearing ring (bearing inner race) 102, as shown 
in Fig. 8. And the bearing outer race 101 is fitted with the 
rotor 17, and secured with the pulsar ring 19, And the bearing 
inner race 102 is fitted with the stator 18 having the coil 
21 wound, and secured with the position transducer 20- 

The rolling bearing A is formed with the raceway groove 
103 of a desired shape by the raceway surface formed between 
the inside diameter of one bearing ring (outer race) 101 and 
the outside diameter of the other bearing ring (inner race) 
102 • In this embodiment, the bearing ring (outer race) 101 
is axially divided into two centrally in the width direction, 
and the bearing ring (inner race) 102 is monolithic • 

It is within the scope of the invention that at least 
one or both of the bearing rings 101/ 102 may be axially divided 
into two centrally in the width direction/ or none of the bearing 



. rings 102, 102 may be divided. Also, in the two division type, 
the bearing rings are assembled together by a bolt and a rivet. 

The raceway groove 103 is formed by the raceway surfaces 
lOla-lOlb, 102a-102b having a larger radius than the radius of 
the rolling elements 105. Also, it is only necessary that the 
raceway groove of at least one of the bearing rings is made 
up of two raceway surfaces within the scope of the invention. 

The" shape of the raceway surfaces lOla^lOlb, 102a-102b 
is not specifically limited, such as arcuate or V-character 
in cross section, or curvilinear or linear, as long as it is 
appropriate for rolling of the rolling elements 105. In this 
embodiment, a Gothic arch may be applied, for example. 

The rolling elements 105 has an outside diameter 105 as 
a rolling contact face with a curvature in the axial direction, 
and may have an arbitrary shape having a smaller radius than 
the radius of the .raceway surfaces lOla-lOlb, 102a-102b. The 
rolling elements 105 are arranged alternately crossing with 
adjacent rolling elements 105, the outside diameter 105a of 
each rolling element 105 being always contact at two points 
with the raceway surface lOla, 101b of one bearing ring 101 
and the raceway surface 102b, 102a of the other bearing ring 
102. 

The rolling element 105 is an upper and lower cut ball 
(with a structure in which the upper and Ibwer portions of ball 
are cut away to form the opposing faces 105b, 105b, the same 
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'in the following specification) having one set of opposing faces 
105a, 105b in this einbodiiaent, for example/ as shovm in Fig, 
9. The rolling elements 105, 105, , . are incorporated so that 
the rotation axes of rotation 105c perpendicular to the opposing 
faces 105b, 105b may be crossed^ and the outside diameter 105a 
of each rolling element 105 is always contact at two points 
with the raceway surface 101a, 101b of one bearing ring 101 
and the raceway surface 102a, 102b of the other bearing ring 
102. 

The upper and lower cut widths of the rolling element 
105 are not specifically limited, but the ratio of upper and 
lower cut widths may or may not be even, and arbitrarily settable 
within the scope of the invention . That is , though the opposing 
faceslOSb, lOSbaresymmetricalinthlsembodiment, theopposing 
faces 105b, 105b of the rolling element 105 may be symmetrical 
or asymmetrical, which is within the scope of the invention. 

The overall shape of the rolling element 105, the presence 
or absence of the opposing faces 105b, 105b, and the magnitude 
of curvature in the axial direction of the outside diameter 
105a are not limited to the above specific configurations, and 
may be arbitrarily changed within the scope of the invention. 
That is, for example, two non-parallel faces may be provided, 
instead of the opposing faces lOSb, 105b, with the central axis 
of rotation I05c perpendicular to both the faces. Also, the 
rolling element 105 may be a one-side cut ball in which one 
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•side of a ball is cut away to provide one planar portion (cut 
face) • 

The rolling elements 105, 105, . . are incorporated in 
such a way that the central axes of rotation 105c, 105c 
perpendicular to opposing faces 105b-105b, 105b-10Sb of adjacent 
rolling elements 105, 105 may be alternately crossed. The state 
of intersection may or laay not be orthogonal. 

The-manner in which the rolling elements 105 are disposed 
crosswise is not specifically limited, as long as the same number 
of rolling elements are disposed on both sides. That is, the 
rolling elements 105 may be crossed every one, or crossed every 
two/ or every two, one, one and two, as long as the same nvmiber 
of rolling elements are disposed on both sides, which are within 
the scope of the invention. 

The motion of each rolling element 105, 105 is guided 
within a retainer 106. 

The retainer 106 is not specifically limited/ as long 
asithasashapehavingaretainingportionl07, for retaining 
and guiding the rolling element 105, and may be arbitrarily 
changed within the scope of the invention. 

The guiding method of the retainer 106 is not specifically 
limited, but may be an inner race guide, an outer race guide 
or a rolling element guide. Also, the constitution of the 
retainer 106 is not specifically limited, but may be of the 
monolithic type or formed of several parts. 
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For example, the retainers 106 have the retaining portions 
107, 107, . . formecJalternately in the circumferential direction 
and incorporated alternately so that the central axes of rotation 
lOSc, 105c perpendicular to the opposing faces 105b-105b, 
105b-105b are crossed with each other for adjacent rolling 
elements 105, 105. 

The state where a preload is applied between the rolling 
element and the raceway surface is not specifically limited. 
That is, thepreloadmay ormaynotbe appliedat the manufacturing 
stage, which is within the scope of the invention. 

The material of the bearing rings. 101^ 102 and the rolling 
elements 105 for the bearing is usually ball-bearing steel, 
but may be appropriately selected from stainless steel and 
ceramic to improve the corrosion resistance or heat resistance 
in the use environments. 

Also, the retainer 6 is appropriately selected from a 
machined cage, a pressed retainer, and a resin retainer, and 
made of metal such as brass or iron, or synthetic resin such 
aspolyamide 66 (nylon 66) or polyphenylene sulfide (PPS) within 
the scope of the invention. 

In the second embodiment, the outside diameter 105a of 
the rolling element 105 is in point contact with the raceway 
surface 101a of the outer race 101 and the raceway surface 102b 
of the inner race 102 which are opposed to each other (contact 
points being indicated by 111, 111) , and the adjacent rolling 
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elements 105 are in point contact with the raceway surface 101b 
of the outer race 101 and the raceway surface 102a of the inner 
race 102 (contact points being indicated by 112, 112) . The 
rolling elements 105/ 105 are crossed alternately at a contact 
angle, whereby one bearing can receive a radial load, a 
bidirectional axial load and a moment load. 

Fig'. 10 shows measurement data of the dynamic torque in 
the bearing simplex. In Pig. 10, a lozenge part painted in 
black indicates the crossed roller bearing (conventional 
product) , and a rectangular part with net indicates the rolling 
bearing for use in this invention. 

Test bearing: inside diameter <|>120 x outside diameter 
(^170 X width 25 

Load condition: moment load 162N.m 

As will be clear from this data, with the constitution 
of the rolling bearing according to the invention, the torque 
of the bearing is smaller than that of the conventional crossed 
roller bearing. 

Accordingly, a contact state between the rolling element 
and the bearing ring is point contact, so that the contact width 
is smaller, the torque is smaller, and the heating is suppressed, 
whereby the use rotation speed range is wider. Moreover, the 
rigidity is obtained by applying a preload on the bearing . Hence, 
the high speed is enabled without hampering the function of 
the conventional direct drive motor. 
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Third enibodiment 

Fig. 11 shows a third embodiment. In this embodiiaent/ 
the outer race 101 is laonolithically formed, and the inner race 
102 is divided into two, two divided inner races 102, 102 are 
secured by a bolt or rivet 104, whereby it is xinnecessary to 
make adjustment for the preload or clearance. The other 
constitution and action are the same as in the second embodiment • 

Fourth embodiment 

Fig. 12 shows a rolling bearing according to a fourth 
embodiment. In this embodiment, the outer race 101 is 
monolithically formed, and the inner race 102 is divided into 
two, instead of the constitution that the outer race 101 is 
divided into two and the inner race 102 is monolithically formed 
in the second embodiment. The other constitution and action 
are the same as in the second embodiment. 

Fifth embodiment 

Fig. 13 shows a rolling bearing according to a fifth 
embodiment. In this embodiment, the divided outer races 101, 
101 of the second embodiment are secured by the bolt or rivet 
104, whereby it is unnecessary to make adjustment for the preload 
or clearance. The other constitution and action are the same 
as in the second embodiment. 

It 

Sixth embodiment 

Fig. 14 shows a rolling bearing according to a sixth 
embodiment. In this embodiment, each of the outer race 101 
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■and the inner race 102 is monolithically formed, with a rolling 
element receiving hole provided in the outer race 101. Also, 
a separator (spacer) 108 as shown in larger scale in Fig. 15 
is provided, instead of the retainer 106 in the second embodiment, 
to guide the rolling elements 105, lOS. 

This constitution enables to further downsize the 
bearing. 

The 'other constitution and action are the same as in the 
second embodiment. 

The separator 108 has a smaller diameter than that of 
the rolling element 105, in which concave circular grooves 109, 
109 are formed crosswise to the opposing faces 110, 110 to retain 
adjacent rolling elements 105, 105 so that the central axes 
of rotation 105c, 105c perpendicular to the opposing faces 

105b-105b, 105b-105bmaybecrossedwith each other, as described 
above. 

The curvature of this circular groove 9 may be almost 
egual to or larger than that of the outside diameter 105a of 
the rolling element. 

Seventh embodiment 

Fig. 16 shows a rolling bearing according to a seventh 
embodiment. In this embodiment, insteadof the rolling elements 
105 having the symmetrical opposing faces 105b, 105b in the 
fourth embodiment, the rolling elements (upper and lower cut 
balls) 105 having the asymmetrical opposing faces 105b, 105b 
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• as shown in Fig. 17 are employed/ and a opposing face 105d on 
the large end is directed to the inner race 102 of the bearing, 
whereby the rotation of the rolling element 105 is stabilized 
to realize the lower torque. 

The other constitution and action are the same as in the 
fourth embodiment - 

Eighth embodiment 

Fig*. 18 shows a rolling bearing according to an eighth 
embodiment. In this embodiment^ the divided inner races 102/ 
102 of the seventh embodiment are secured by the bolt or rivet 
104^ whereby it is unnecessary to make adjustment for the preload 
or clearance • The other constitution and action are the same 
as in the seventh embodiment. 

Ninth embodiment 

Fig. 19 shows a rolling bearing according to a ninth 
embodiment. In this embodiment^ the two divided outer races 
101^ 101/ and the monolithic inner race 102 are provided, instead 
of the constitution of the monolithic outer race 101, lOl and 
the two divided inner races 102, 102 in the seventh embodiment. 
The other constitution and action are the same as in the seventh 
embodiment . 

( 

Tenth embodiment 

Fig- 20 shows a rolling bearing according to a tenth 
embodiment. In this embodiment, the two divided outer races 
101, 101 of the ninth embodiment are secured by the bolt or 
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' rivet 104, whereby it Is unnecessary to make adjustment for 
the preload or clearance. The other constitution and action 
are the same as in the seventh embodiment. 
Eleventh embodiment 

Fig. 21 shows a rolling bearing according to an eleventh 

embodiment. In this embodiment, a separator (spacer) 108 as 
« 

shown in Fig. 15 is provided, instead of the retainer 106 in 
the second embodiment, to guide the rolling elements 105, 105. 
With this structure, the bearing is Jnade more contact. 

The other constitution and action are the same as in the 
second embodiment. 

Twelfth embodiment 

Figs. 22 and 23 show a rolling bearing according to a 
twelfth embodiment. In this embodiment, a machined cage 
(annular retainer) 106 as shown in Fig. 23 is employed, instead 
of the retainer 106 of the second embodiment. The attitude 
of each rolling element 105 is kept by the retainer 106. 

The retainers 106 have the retaining portions (pockets) 
113, . . for incorporating alternately adjacent rolling elements 
105, 105 so that the central axes of rotation 105c, 105c 
perpendicular to the opposing faces 105b.l05b, lOSblOSb may 
be crossed with each other, in which the retaining portions 
113, are disposed alternately and crosswise at an equal 
interval, correspondingto thenumberof rollingelements 105, . . 
on the circumference of annular ring. 
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Both the side faces 113a/ 113b of each retainer 113 in 

the axial direction are parallel to each other, neither 

perpendicular nor parallel to the rotation axis of bearing, 

and made at a certain angle (inclination) ecjuivalent to the 

contact angle of the rolling element 105. 

The distance between the side faces 113a, 113b of each 
« 

retainer 113 is slightly larger than the width of the rolling 
element 105. 

If the shape of the retainer 113 has the inclined and 
parallel side faces 113a/ 113b, with the distance between the 
side faces 113a, 113b being slightly larger than the width of 
the rolling element 105, the overall shape of the pocket is 
not specifically limited, but may be changed within the scope 
of the invention. 

In this embodiment, the pockets 113 are disposed 
alternately and crosswise at an equal interval on the 
circumference of circle, corresponding to the number of rolling 
elementslOS, butnot specifically limitedthereto. Thepockets 
113 juay be crossed every two, or every two, one, one and two, 
as long as the same number of pockets are disposed on both sides , 
which is within the scope of the invention. 

The rolling element during rotation may possibly cause 
a spin or skew under the influence of various factors. The 
rotation resistance of the bearing is increased, or the rolling 
element cannot be possibly rotated smoothly, unless theattitude 
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of the rolling element is excellently controlled* 

Accordingly/ the pocket 113 of the retainer 106 has the 

parallel side faces llSa^ 113b inclined at a certain angle almost 

equivalent to the contact angle of the rolling element 105^ 

and a change in the attitude of the rolling element 105 due 

to a spin or skew of the rolling element 105 is suppressed 
« 

by the side faces ll3a, 113b of the pocket, keeping the attitude 
of the beajt ing^ and the realizing the lower torque of the bearing 
in this embodiment. 

The other constitution and action are the same as in the 
second to fifth embodiments and the seventh to tenth embodiments , 

Thirteenth embodiment 

Fig. 24 shows a rolling bearing according to a thirteenth 
embodiment . 

In this embodiment, the outer race 101 is divided into 
two and has two raceway surfaces lOla, lOlb^ and the inner race 
102 is monolithlcally formed and has one raceway surf ace 102a^ 
in which the rolling element is a one- side cut ball as shown 
in Fig. 25, In the embodiment, a Gothic arch composed of two 
raceway surfaces 101a, loib having a larger radius than the 
radius of the rolling element 105 is employed, as described 
above. In the figure, reference numeral 14 denotes a sealed 
plate (seal shield) . 

The rolling element 105 has the otatside diameter 105a 
of a rolling contact face with a curvature in the axial direction. 
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•and has the shape of one-side cut ball having a smaller radius 
than the radii of the raceway surfaces lOia (lOlb), 102a on 
the bearing rings 101/ 102. 

The rolling elements 105 are arranged alternately 
crossing with adjacent rolling elements 105, the outside 
diameter 105a of each rolling element 105 being always contact 
at two points with the raceway surface 101a (lOlb) of one bearing 
ring 101 and the raceway surface 102a of the other bearing ring 
102. 

The rolling elements 105, 105, . . are incorporated so 
that the rotation axes of rotation 105c perpendicular to the 
cut face 105e may be crossed with each other, and the outside 
diameter 105a of each rolling element 105 is always contact 
at two points with the raceway surface 101a (lOlb) of one bearing 
ring 101 and the raceway surface 102a of the other bearing ring 
102. 

The cut width of the cut face 105e for the rolling element 
105 is not specifically limited, and the shape of the cut face 
I05e is not specifically limited to the flat face, and may be 
arbitrarily selected within the scope of the invention. 
Generally, for the rolling element of the same size, the ball 
has the lower cost and higher precision than the roller. 

Though the manufacturing cost is lower as the shape of 
the rolling element is closer to the perfect ball, the rolling 
element 105 of this embodiment is the one-side cut ball, which 
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'has a sinaller working portion and a lower manufacturing cost 

than the rolling element of the upper and lower cut ball. 

The retainer 106 have the retaining portions 107, 107, . . 

formed alternately in the circumferential direction and 

incorporated alternately so that the central axes of rotation 

I05c/ 1 05c perpendicular to the cut faces lOSe, 105e are crossed 
« 

with each other for adjacent rolling elements 105, 105, as shown 
in Fig, 2fe. The retaining portion 107 is formed line a dome 
in plan view by a circular face 107a having a slightly larger 
diameter than the rolling element, and a flat face (inclined 
face) 107c connecting the ends of the circular face 107a, in 
which one side 107b of the outside diameter 106a and one side 
107b of the inside diameter 106b are communicated via the flat 
face 107c from the outside diameter 106a to the inside diameter 
106b, and the opening width w2 of the inside diameter 106b. is 
larger than the opening width wl of the outside diameter 106a 
(Figs. 26 and 27) . 

And the center of the circular faces 107a in the retainers 
107 adjoining in the circvmiferential direction is placed on 
the same circumference of circle, and one side 107b of the outside 
diameter 106a is shifted in position in the width direction 
in plan view. That^is, the pockets 107 adjoining in the 
circumferential direction have the inclined faces 107c disposed 
alternately to the left and right for each retainer 107 (see 
Fig. 26) . 
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Accordingly, if the retainer 106 according to this 
embodiment is employed, the rolling element 105 disposed in 
each retainer 107 is retained to direct the cut faces 105e, 
105e to the outside diameter 106a, namely, to the outer race 
101, so that the central axes of rotation 105c, 105c of adjacent 
rolling elements 105, 105 are crossed with each other, 

Also/ it is possible to adopt a structure in which a 
one-side tripping bracket 107d inclinedly formed to stand on 
the outside diameter 106a is provided on the extension line 
of the flat face 107c, as shown in Fig. 28 . The tripping bracket 
107d is not specifically limited to the shape as shown/ and 
within the scope of the invention, if the rotation of the rolling 
element 105 is not affected. 

Also, it is possible to adopt a structure of the retainer 
106 as shown in Figs. 29 and 30. 

In the embodiment as shown, the retainer 107 is made 
rectangular in plan view, in which 9ne side 107e of the outside 
diameter 106a extending in the circumferential direction and 
one side 107e of the inside diameter 106b under it are 
communicated via the flat face 107c from the outside diameter 
106a to the inside diameter 106b, and the opening width w2 of 
the inside diameter 106b is larger than the opening width wl 
of the outside diameter 106a. 

And the retainers 107 disposed in the circumferential 
direction are displaced alternately in the width direction in 
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plan view. That is, the retainers 107 adjoining in the 
circumferential direction have the flat faces 107c disposed 
alternately to the left and right for each retainer 107 (see 
Fig. 29) . The retainer 106 of this embodiment occupies a larger 
grease carrying space than the retainer 106 as shown in Fig. 
26. 

The other constitution and action are the same as the 
retainer as shown in Fig^ 26. 

Also, the separator (spacer) 108 having a concave face 
115 as shown in Fig. 31 maybe within the scope of the invention. 

The separator 108 has a smaller diameter than the diameter 
of the rolling element 105^ and has the concave faces 115^ 115 
formed crosswise to the opposing faces 116, 116 to retain the 
rolling elements 105, 105 so that the central axes of rotation 
lOSc, 105c perpendicular to the cut faces lOSe, 105e may be 
crossed with each other, as described above^ That is, the 
concave faces retain the rolling elements by having the cut 
face 105e of the rolling element opposed to a step portion 115a 
of the concave face 115. The shape of the separator as shown 
in this embodiment is only one example, but not specifically 
limited, and may be arbitrarily changed in design. 

Accordingly, in the thirteenth embodiment, when any kind 
of load such as a radial load, a bidirectional axial load, or 
amoment load is applied, the outside diameter 105a of the rolling 
element 105 is in point contact (contact points being indicated 
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by 111/ 111) with the raceway surface 101b of the outer race 

101 and the raceway surface 102a of the inner race 102, which 
are opposed to each other. And the adjacent rolling eleuients 
105 are in point, contact (contact points being indicated by 
112, 112) with the raceway face 101a of the outer race 101 and 
the raceway face 102a of the inner race 102. 

Since the rolling elements IDS, 105 are crossed with each 
other at A contact angle, one bearing can receive the radial 
load/ bidirectional axial load and moment load. 

Since the contact form between the rolling elements 105^ 
105 and the outer and inner races 101, 102 is the same as the 
typical ball bearing, the rolling element has a lower rolling 
resistance and a lower torque than the crossed roller. 

Fourteenth embodiment 

Fig. 32 shows a rolling bearing according to a fourteenth 
embodiment. 

In this embodiment/ the outer race 101 is monolithically 
formed and has one raceway surface 101a, and the inner race 

102 is divided into two, and has two raceway faces 102a, 102b. 
The rolling elements 105 are disposed alternately crosswise 
on the circumference of circle so that the cut face 105e is 
directed to the inner race 102. 

Accordingly, when any kind of load such as a radial load, 
a bidirectional axial load, or a moment load is applied, one 
of the adjacent rolling elements 105 is in point contact with 
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'the raceway surface lOla of the outer race and the raceway surface 

l02a of the inner race, which are opposed to each other, while 

the other of the adjacent rolling elements 105 is in point contact 

with the raceway surface 101a of the outer race and the raceway 

surface 102b of the inner race, which are opposed to each other. 

The other constitution and action are the saxae as in the 
« 

thirteenth eiabodiment . 

In this, embodiment, the shape of the retaining portion 
107 of the retainer 106 is reversed from that used in the 
thirteenth embodiment (see Fig, 32) . 

That is, the retainer 106 is employed in the form in which 
the opening width wl of the outside diameter 106a is larger 
than the opening width w2 of the inside diameter 106b, and the 
flat face 107c is directed to the outside diameter 106a. 

Though the outer race 101 is not divided into two in this 
embodiment, the outer race 101 laay be divided into two in this 
embodiment, or the inner race 102 may not b.e divided into two. 

Fifteenth embodiment 
Fig. 33 shows a rolling bearing according to a fifteenth 
embodiment . 

In this embodiment, the outer race 101 is divided into 
two and the inner race 102 is monolithically formed, each of 
the outer race and the inner race having two raceway surfaces 
lOla-lOlb, 102a.l02b, The rolling elements 105 are disposed 
alternately crosswise on the circumference of circle so that 
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the cut face lOSe is directed to the outer race 101. 

Accordingly, when an axial loadoraiaoiaent loadis applied, 
one of the adjacent rolling elements 105 is in point contact 
with the raceway surface 101a of the outer race and the raceway 
surface 102b of the inner race^ which are opposed to each other, 
while the other of the adjacent rolling elements 105 is in point 
contact with the raceway surface 101b of the outer race and 
the raceway surface 102a of the inner race, which are opposed 
to each other • Also, when a radial load is applied/ the rolling 
element may be in contact at a total of three points with the 
bearing rings under the load condition in some cases • 

The other constitution and action are the same as in the 
thirteenth embodiment, except that the inner race 102 has two 
raceway faces 102a/ 102b, Though the inner race 102 is not 
divided into two in this embodiment, the inner' race 102 may 
be divided into two, or the outer race 101 may not be divided 
into two - 

Sixteenth embodiment 

Fig. 34 shows a rolling bearing according to a sixteenth 
embodiment « 

In this embodiment, the outer race 101 is monolithically 
formed and the inner race 102 is divided into two, each of the 
outer race and the inner race having two raceway surfaces 
lOla-lOlb, 102a-102b. The rolling elements 105 are disposed 
alternately crosswise on the circumference of circle so that 
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the cut face 105e is directed to the iimer race 102. 

Accordingly^ when an axial load or a moment load is applied, 
one of the adjacent rolling elements 105 is in point contact 
with the raceway surface 101a of the outer race and the raceway 
surface 102b of the inner race, which are opposed to each other, 
while the other of the adjacent rolling elements 105 is in point 
contact with the raceway surface lOXb of the outer race and 
the raceway surface 102a of the inner race, which are opposed 
to each other. Also, when a radial load is applied^, the rolling 
element may be in contact at a total of three points with the 
bearing rings under the load condition in some cases. 

The other constitution and action are the same as in the 
fourteenth embodiment, except that the outer race 101 has two 
raceway faces lOla, 101b. Though the outer race 101 is not 
divided into two in this embodiment, the outer race 101 may 
be divided into two, or the inner race 102 may not l?e divided 
into two. 

Though this invention has been described above in detail 
with reference to the specific embodiments, it will be apparent 
to those skilled in the art that various variations or 
modifications may be made thereto without departing from the 
spirit or scope of the invention. 

This application is based on Japanese Patent Application 
(JP-A-2002-005034) filed on January 11, 2002 and Japanese Patent 
Application ( JP-A-'2002-3S7237) filed on December 9, 2002, their 



45 



1 

contents being incorporated herein for reference. 

Industrial Applicability 

This invention has the above constitution, and exhibits 
the following effects. 

(1) Since the rolling elements are incorporated without 
dividing at least one of apair of bearing rings as conventionally, 
the manufacturing cost, assembling management and assembling 
cost are greatly reduced. 

(2) Since the bearing rings are not divided, no related 
parts such as a bolt and a rivet for fastening required for 
division constitution are necessary, whereby the number of parts 
is reduced- Consequently, the manufacturing cost, 
manufacturing operation and management required are reduced. 

(3) Since the bearing is produced without impairing the 
working precision of the bearing ring formed as a monolithic 
type, the bearing precision is kept high. 

(4) With the retainer constituting the invention, after 
a pair of bearing rings and the retainer are assembled, the 
rolling element is easily incorporated from the axial direction 
via the opening side in each pocket. 

(5) Since the groove provided in the bearing ring has 
a function of rotating the rolling element in assembling the 
rolling element/ and a function of retaining the liabricant such 
as oil and grease, the stable life of bearing is expected. 
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Also/ this invention provided the constitution of the 
bearing contained in the direct drive motor, in which a plurality 
of rolling elements are incorporated between one pair of bearing 
rings, each of the bearing rings has a raceway groove composed 
of raceway surfaces having a larger radius than the radius of 
the rolling elements, at least one bearing ring being composed 
of two raceway surfaces, the rolling elements have an outside 
diameter of a rolling contact face with a curvature in an axial 
direction, and are arranged crosswise so that the central axes 
of rotation of the rolling elements are disposed crosswise 
alternately on the circumference of a circle , the outside 
diameter of each rolling element is contact with a raceway 
surface of one bearing ring and a raceway surface of the other 
bearing ring, at each one point, or two points in total, and 
the bearing is subjected to a preload, whereby the torque of 
the bearing is reduced below the conventional crossed roller 
bearing, and the heating is suppressed. Also, the rigidity 
is obtained by applying a preload on the bearing • Accordingly, 
the high speed is allowed without impairing the function of 
the conventional direct drive motor. 
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